The Warburg theory of cancer postulates that an important driver of tumorigenesis is insufficient respiration due to mitochondrial defects, and concomitant enhancement of lactate production due to increased aerobic glycolysis. We analysed 48 melanoma samples by immunohistochemistry and found that 38% of melanomas are characterized by areas of isolated or combined deficiencies of complexes of the oxidative phosphorylation (OXPHOS) system, whereby the incidence of OXPHOS-deficient areas is associated with an increased Breslow index; 62% of melanomas showed high expression of all OXPHOS complexes. Expression of carbonic anhydrase IX was low, indicating that melanomas generally are well-oxygenated. Expression of HIF-1α and MCT4 was high, which might be a consequence of increased lactate dehydrogenase A levels in melanomas. Our data indicate that there are two types of melanomas: one that features a classic Warburg effect, whereas the other one, despite being glycolytic, maintains a high level of OXPHOS complexes.
| BACKGROUND
The Warburg effect describes the phenomenon whereby cancer cells generate energy predominantly via glycolysis even if sufficient oxygen is present. At first, it seems paradoxical that tumors would use the relatively inefficient glycolytic pathway instead of oxidative phosphorylation (OXPHOS) for energy production. However, there are several explanations for reprogramming the pathway of ATP generation in cancer cells.
A major inducer of the glycolytic response is the transcription factor hypoxia-inducible factor-1α (HIF1α), which mediates a pleiotropic reaction by inducing a plethora of gene products, including glucose transporters, hexokinase II, angiogenic growth factors, haematopoietic factors and MCTs. [1] [2] [3] [4] [5] Lactate transport is mainly executed by MCT1, MCT2 and MCT4. Carbonic anhydrase IX (CAIX), a very reliable marker for hypoxic areas, can be induced by HIF-1α under hypoxia. [6] 
| QUESTIONS ADDRESSED
The aim of this study was to characterize the metabolic phenotype of primary melanomas by immunohistochemical staining (IHC). IHC was chosen because it is impossible to obtain sufficient amounts of frozen tissue for functional evaluation especially in cases of in situ melanoma.
In addition, heterogeneity of the metabolic signature and immune cell infiltration has to be considered within single tumors. We have demonstrated previously that semi-quantitative IHC of homogenous tissue samples correlates well with functional analysis, as the OXPHOS system is mainly regulated via protein amount. [7] [8] [9] Therefore, IHC of heterogeneous samples is the method of choice as it reflects accurately the in vivo situation on the cellular level.
| EXPERIMENTAL DESIGN
See supporting information (Appendix S1, Tables S1 and S2, Figures S1, S2 and S3).
| RESULTS

| Mitochondrial biogenesis is high in melanoma
To evaluate whether mitochondrial biogenesis is altered in melanoma, we analysed porin (VDAC1), a mitochondrial outer membrane protein. [7] Significant higher mitochondrial mass was only present in tumors with a Breslow index >1 mm (P < .001) ( Figure S5 ). Overall, the levels of VDAC1 were not correlated with the Breslow index ( Figure S5 ).
| Diverse expression of OXPHOS complexes in melanoma
Next, we analysed the levels of single OXPHOS complexes because elevated mitochondrial biogenesis does not automatically predict high OXPHOS levels. Consistent with the increased mitochondrial biogenesis, the levels of complex I to complex V were generally higher in melanomas compared to normal distal (described in detail The incidence of OXPHOS complex-deficient areas increased with increasing Breslow index as only 11% of in situ melanomas showed complex I negative areas, whereas OXPHOS complex negative areas were identified in 33% of the melanomas with a Breslow index <1 mm and 48% with a Breslow index >1 mm (ST2).
| Diverse expression of glycolytic proteins and markers of hypoxia in melanoma
Expression of LDHA and MCT4 was significantly higher in melanoma cells compared to normal skin ( Figure 2 , Figure S6 ). [10] HIF-1α was higher in melanomas compared to normal distal epidermis, where HIF-1α was mostly undetectable (Figure 2 ). No correlation between LDHA or HIF-1α expression levels and Breslow index was detected ( Figure 2 ).
Interestingly, levels of CAIX were lower in most of the analysed tumors; in situ tumors showed only a trend to lower levels (ST2).
| CONCLUSIONS
Although numerous articles have described changes in metabolism and behaviour of melanomas under hypoxic conditions in vitro, melanomas do not necessarily experience oxygen insufficiency in vivo.
Our data are in agreement with literature that virtually all melanocytic tumors are devoid of CAIX and XII. [11, 12] Although HIF-1α can be induced by low oxygen levels, many other pathways are now known.
F I G U R E 1 Expression of porin and OXPHOS complexes in a melanoma with a Breslow index of 2.4 mm. (A) HE, (B) VDAC1, (C) complex I, (D) complex II, (E) complex III, (F) complex IV, (G) complex V. (Case #34). Representative tumor areas are marked with a dashed line. Combined loss of complexes I, III and IV is present. Size bar = 200 μm (A) (B) (C) (D) (G) (E) (F)
Thus, high HIF-1α expression in melanomas might be linked to elevated lactate production. [13] [14] [15] The majority (62%) of the melanomas showed high OXPHOS enzyme expression, which suggests they are OXPHOS-competent. This is consistent with previous reposts of elevated expression levels of OXPHOS and glycolytic genes. [12, 16] Thus, two-thirds of melanomas can be regarded as tumors that These results might have important therapeutic implications as OXPHOS-deficient melanomas might be prone to therapeutic targeting of the energy metabolism, for example, via a ketogenic diet (high-fat low-carbohydrate) diet whereas OXPHOS-competent ones might not.
SUPPORTING INFORMATION
Additional Supporting Information may be found online in the supporting information tab for this article. 
Appendix S1 Experimental design
| BACKGROUND
Lichen planus (LP) is a chronic T cell-mediated mucocutaneous inflammatory disease that targets the stratified epithelia. There is increasing evidence that epithelial-derived cytokines, immune receptors and costimulatory molecules promote and sustain the disease. [1] [2] [3] [4] 
